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SUMMARY 
The objective of this program is to evaluate the use of thin electrodeposi- 
ted films of calcium and magnesium hydroxides a s  separators  in s i lver -  
cadmium cells. 
these separators a r e  increased thermal stability at elevated temperature and 
a reduction in si lver migration. 
Potential gains to  be made with the successful development of 
The work during this quarter was directed at establishing the effect of 
processing parameters on deposition ra te  and film properties as  well as con- 
ducting preliminary tests with cells to determine the effect of sterilizing cells 
at 145OC. 
investigated (100-200 ma/ in  
than the magnesium hydroxide films. 
The process studies showed that over the range of current densities 
2 the calcium hydroxide fi lms a re  more adherent 
The calcium hydroxide films appear to be thermally stable in the presence 
0 of 31 percent by weight potassium hydroxide when exposed to 145 C for  a period 
of 40 hours .  
with calcium hydroxide films have been started,  but insufficient data have been 
generated at this time to draw any conclusions. 
Electrochemical performance tes ts  employing s i lver  electrodes 
I 
1 
1.0 INTRODUCTION 
. 
, 
This report  covers the work done during the first quarter of a 12-month 
program to evaluate the use of thin electrodeposited films of calcium and 
magnesium hydroxide a s  separators in silver-cadmium cells. 
advantages to be gained in using these separators  are an increase in chemical 
stability of the cell separators a t  elevated temperature and a reduction in 
si lver migration. 
The potential 
The objective of the program is  twofold: f irst ,  to  determine the effect of 
process parameters on the thickness, porosity and adherence of the films on 
representative si lver and cadmium electrodes, and second, to evaluate the 
performance of these films in single cells in t e rms  of electrolyte retention, 
internal cell resistance, charge-discharge characteristics, control of s i lver  
transport, and stability at elevated temperature@, 
During the f i rs t  quarter process studies were started to determine the 
rates  of film deposition for both calcium and magnesium hydroxides on charged 
and discharged electrodes a s  a function of current density. 
evaluation of these coatings was made with respect to increases in resistance 
over the original uncoated plates in 31 percent by we'ight potassium hydroxide solutions. 
In addition test  cells containing silver electrodes coated with calcium hydroxide 
and uncoated sintered plate type cadmium electrodes were fabricated. 
cells wil l  be used to determine the effects of sterilization at  145OC on cell 
electrochemical performance and on the stability of separator coatings on the 
s i lver  electrodes. 
Preliminary 
These 
c 
2 
2.0 PROGRAM BACKGROUND AND SCOPE 
Pr ior  to this contract t h e  General Electric Company has been investigating 
the feasibility of using thin films of electrodeposited calcium and magnesium 
hydroxide as separators in secondary alkaline cells. 
done on electrodes for nickel-cadmium cells. 
with coatings on silver electrodes showed significant reductions of silver 
transport from the electrode to the electrolyte phase during extended periods 
of charge and overcharge and also during prolonged periods of discharge (3  
months) at  low discharge rates  (1-10 ma. ) in silver-zinc cells. The ability 
of these films to prevent or  reduce silver migration during cyclic operation 
has not been tested and is one of the a reas  to be investigated under this contract. 
In addition, the films deposited on commercially available silver electrodes 
(Yardney YS5(s)-4) increased the internal resistance of the test cells by 
factors of 10 to 20, compared to uncoated electrodes. Ih contrast to this, 
films deposited on sintered matrix type nickel hydroxide electrodes showed 
very low resistance increases. 
to the porosity and pore s i z e  of the electrode structure and the extent to which 
these pores a r e  filled with the inorganic coating during the deposition process. 
For cells to be used in medium to high drain applications, it is therefore 
necessary to determine the proper coating conditions to minimize this resist- 
ance increase and at  the same time form a film of high structural integrity 
around the electrode along with adequate porosity for electrolyte retention. 
This a rea  wi l l  be investigated in the current pmgram. 
The bulk of this work w a s  
Some exploratory experiments 
Undoubtedly the resistance increase is related 
2 . 1  Coating Process  Description 
The films a r e  deposited directly on the surfaces of the battery plates by 
making them the cathode in an electrolysis cell psing soluble salts  of calcium 
o r  magnesium as the electrolyte. The amount of hydroxide deposited in a 
given time period depends on such factors a s  the current density, the concen- 
tration of the solution, the temperature, the size and spacing of the electrodes, 
and initially the porosity of the electrode structure. Accordingly suitable 
variation of these factors provides a means for controlling the separator thick- 
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ness and the porosity. Although, theoretically any soluble calcium o r  mag- 
nesium salt may be used,the nitrate and acetate have been found to give the 
most desirable results. 
The mechanism of the electrodeposition process involves the discharge 
of hydrogen gas via the following reaction: 
2 H 2 0  + 
A s  the electrolysis proceeds 
tration of hydroxyl ion at the 
2e -. H2 + 20H- 
and hydrogen gas is 
cathode-electrolyte 
evolved, the local concen- 
interface becomes high 
enough to exceed the solubility product of calcium o r  magnesium hydroxide 
and precipitation of the hydroxide takes place on the surface of the cathode. 
With the use of an  inert anode, such as stainless steel, in combination with 
an aqueous solution of calcium acetate, the overall reaction is: 
The oxygen is evolved at the anode and results from the oxidation of 
w a t e r  a t  its surface 
2 H 2 0 - - 0 2  +4H' + 4 e  
Since acetic acid is produced in the reaction which tends after a period of time 
to  make the solution unduly acid, solid calcium hydroxide powder may be 
added prior to the electrolysis system. Such additions serve  not only to keep 
the pH of the electrolyte constant but a lso to keep the concentration of calcium 
acetate constabt. 
according to the following reaction: 
The solid calcium hydroxide w i l l  
Ca (OH)2 + 2HC2H302 -. Ca (C2H302)2 
react with the acetic acid 
+ 2H20 
4 
The overall reactions which occur when using magnesium acetate, magnesium 
nitrate and calcium nitrate are:  
1. Mg (C H 0 ) + 3H20 “Mg (OH)2 + 2HC2H3o2 + H2 + 1 / 2 0 2  2 3 2 2  
Of course in equations 1 and 2,  magnesium hydroxide w i l l  be deposited 
and magnesium oxide or hydroxide powder is added to the electrolysis cell 
to neutralize the hydrogen ion released at  the anode. 
The above reactions apply to the process when using fully discharged 
electrodes. In the case of fully charged positive electrodes, the coating 
process tends to discharge the electrode with the production of hydroxyl ions. 
These in turn wi l l  cause precipitation of calcium o r  magnesium hydroxide 
without the evolution of hydrogen. The usefulness of coating electrodes in this 
condition with respect to controlling the resistances of the separator films 
w i l l  be investigated in  the course of the program. 
2 . 2  Scope 
The work w i l l  be done in three phases: 
(1) Process  Parameter  Studies 
(2 )  Silver Migration Studies 
(3) Cadmium Electrode Studies 
The work to be done in each phase is described below. 
2.2.1 Process  Parameter Studies 
These studies wi l l  determine the effect of process parameters and electrode 
surface condition on the resulting film properties. 
be investigated are:  electrolyte type, calcium and magnesium salts; electro- 
lyte concentration; temperature; and current density on electrode substrates 
of silver and cadmium. 
The parameters which wil l  
Commercially available electrodes w i l l  be used. 
5 
The film characteristics which w i l l  be determined a r e  weight, thickness, 
and uniformity, composition, porosity and pore size distribution a s  needed, 
and resistance in potassium hydroxide solutions a s  a function of deposition 
conditions and thickness. 
wi l l  be determined a s  a function of time. 
The stability of the films at temperatures of 145OC 
2 . 2 . 2  Silver Migration Studies 
Silver loss from coated electrodes w i l l  be determined by cyclic charge 
and discharge of the electrodes against inert electrodes under controlled current 
densities and temperatures. The electrolyte wi l l  be analyzed for total si lver 
content and attempts wil l  be made to distinguish between soluble and colloidal 
silver. 
The effect of the electrodeposited films on the si lver electrode performance 
during charge and discharge at selected current densities wi l l  be determined 
in single cell experiments containing silver and cadmium electrodes. 
2 .2 .3  Cadmium Electrode Studies 
It may be possible to construct long-lived cells in which the cadmium 
electrode is not coated and this will be the approach to be examined first. If 
the experimental results indicate that this is not readily achieved then cadmium 
electrodes w i l l  be coated to achieve a n  overall minimum electrode-separator 
resistance for the cell system. 
6 
3.0 DISCUSSION OF EXPERIMENTAL RESULTS 
A t  the request of Mr .  T.J. Hennigan, NASA technical monitor for this 
contract, it was agreed to perform early in the program some explanatory 
tests to determine the ability of cells containing coated silver electrodes to 
withstand a sterilization procedure. F o r  some NASA applications the s te r i l -  
ization wi l l  consist of three cycles each of 36 hours duration a t  a temperature 
of 145 C,  with cooling to ambient temperature between cycles. The work of 
this quarter was directed toward this objective. 
0 
3.1 Process  Parameter Studies 
Silver electrodes were coated with calcium and magnesium hydroxide at 
varying current densities to determine the film thicknesses deposited and the 
resistance increase caused by the films as a function of deposition time. 
Electrodes showing low resistance values and uniform coatings at thicknesses 
in the range of 0. 001 to 0. 003 inches would be used in the fabrication of test  
cells for  the sterilization tests.  
The s i lver  electrodes used were taken from "Silcad" cells (Yardney 
Model YS5 (S)-4). 
The plate dimensions a re  approximately 1 - 
approximately 6.  5-7. 0 grams in  the discharged $f&e 
cut in half for the coating experiments. 
These plates have nominal capacity of one ampere hour. 
1 5 inches by 1 - 
2 8 
inches and weigh 
The electrodes were 
The electrolyte concentration used was 70 grams per  l i ter  of reagent 
grade calcium o r  magnesium acetate. 
solid hydroxide in all cases. 
The electrolyte was buffered with excess 
The electrodes w e r e  coated individually using an electrolyte volume of 
The electrolyte was agitated by means of a magnetic s t i r r e r .  800 ml. 
counter electrodes used were 1/4" diameter 304SS rods spaced approximately 
one inch from the si lver electrode. 
of coating was at ambient; no temperature contol w a s  employed i n  these 
experiments. 
tion t ime which varied between 30 and 165 minutes. 
varied over the range of 100 to 350 ma / in  . 
The 
The solutibn temperature at the s t a r t  
The film thicknesses were varied by the length of the deposi- 
The cur ren t  demi ty  ~ 2 s  
The film weight w a s  determined 2 
7 
by weighing the plate in the dry state before and after coating. 
were determined f rom micrometer measurements. 
the surface of the electrode were made both before and after coating. 
thickness values reported are  average values, 
Film thicknesses 
Six to eight readings over 
Film 
The increase in resistance of the coated electrode was measured with a 
1000 cps a. c. bridge. 
resistance of the uncoated electrode in a cell containing 3 1  percent by weight 
potassium hydroxide against an inert electrode at three fixed separations 
between the electrodes 0. 5, 1. 0, and 1. 5 inches. These values were extrapo- 
lated to a separation distance of zero, to give the effective resistance of the 
electrode -electrolyte interface and the electrode structure. 
and extrapolation procedure was repeated on the coated electrodes. 
The procedure used was to f i rs t  measure the total 
This measurement 
The resistance increase reported is the difference between the extrapolated 
resistance values at zero separation before and after coating. 
values of the uncoated electrodes showed some variation with time of contact 
in the solution. 
and for a one half size plate used i n  the coating experiments 0. 11 ohms. The 
lead resistances a re  included i n  these values andwerebetween 0. 01 and 0.02 ohms. 
The resistance 
The resistance value for a whole uncoated plate was 0.08 ohms, 
A total of 37 coating experiments were performed. The weight gain, film 
thicknesses and film resistances obtained versus ampere minutes a re  illustrated 
in Figures 1 and 2 f o r  the magnesium hydroxide and calcium hydroxide coatings 
respectively. 
Appendix, 
The data for a l l  runs made a re  given’intabular form in the 
The efficiency for depositing the magnesium coating (slope of the weight 
gain versus ampere-minute curves) is seen to be considerably higher than for  
calcium. 
nesium hydroxide is lower than calcium hydroxide. 
This result is to be expected since the solubility product for mag- 
The adherence of these thicker magnesium hydroxide coatings was poor 
In the process of mak- compared to the thinner calcium hydroxide coatings. 
ing the resistance measurements, iarge portions of the fiinis sloughed off the 
plate. This was not observed for the calcium hydroxide coatings. The 
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Figure 2 .  Calcium Hydroxide Films on Discharged Silver Plates 
plates - 131 16" x 24/ 16" - From YS5(S)-4 Cells 4 
. 
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resistance values reported f o r  the magnesium hydroxide films, therefore, 
represent the contribution of the residual coating left on the electrodes. 
view of these results,  it was decided to use the calcium hydroxide coatings in 
the test  cells for the sterilization tests. 
In 
A cri t ical  factor in the development of adherent and structurally sound 
films is the extent of deposition of the hydroxide within the electrode pore 
structure to form an interlocking anchoring network within the porous electrode. 
On the basis of the results of magnesium hydroxide coatings, it appears that i t  
w i l l  be necessary to use lower current densities to form more magnesium 
hydroxide within the pores at least  i n  the early portion of the deposition pro-  
cess.  
the degree of agitation of the solution. 
tration gradients of hydroxyl ions at the electrode -electrolyte interface and the 
diffusion of cations into the pores structure. 
Important parameters to control a re  the concentration of the cations and 
The latter wil l  affect the local concen- 
Another factor affecting the structural integrity of the film is the amount 
of solid hydroxide used in the electrolyte for  buffering. 
solids would lead to mechanically weak fi lms if entrapped with the electro- 
deposited hydroxide. These parameters w i l l  be investigated in more detail 
during the coume of the process studies. 
Excessive amounts of 
3 .  2 Sterilization Test Cells 
Silver electrodes removed from Yardney Model No. YS5(S)-4 cells were 
2 coated with calcium hydroxide using current densities of 100 to 200 ma/ in  
coating times of 60 to 100 minutes. 
in the same batch of electrolyte showed progressive decreases in weight at 
constant coating conditions even though excess solid buffering hydroxide was 
present during the coating process.  Film thicknesses were in the range of 
0. 001 to 0.003 inches. 
and 
The resultant weight gain of plates coated 
The test  cells contained three coated silver electrodes and two cadmium 
electrodes assembled into an inner case which was then suspended centered in 
a l a rge r  case andpotted. The potting thickness was approximately 5/8 inch, 
Tubulations were provided f o r  a reference electrode and the attachment of a 
\ 
11 
pressure gauge to monitor pressure during the sterilization. 
other than the electrodeposited hydroxide was ueed in these cells. 
No separator 
Sintered 
matrix type cadmium electrodes used in nickel-cadmium celle were substituted 
fo r  the cadmium plates removed.from the Yardney cells. 
Three test cells were assembled for these tests.  However, two of the 
cells developed cracks in the inner case during the curing of the potting com- 
pound, 
put on charge. 
compound, 
determination prior to sterilization. The cell  failed by shorting at about 
half-way on the f i r s t  charge cycle. 
These were not detected until the cells were filled with electrolyte and 
At this point the electrolyte drained into void8 in the potting 
The third cell was put on a charge-discharge cycle for  capacity 
In view of these problems it  h a s  been decided to fabricate future test  cells 
with protecting Teflon shims between the plates to eliminate the possibility of 
edge shorting which occurred in the test cell. In addition, the potting of the 
cells w i l l  be abandoned. Instead a simple test  cell wil l  be assembled into a 
standard plastic case and then put into a suitable small  s teel  pressure bomb 
for the sterilization procedure. 
A rough check of the thermal stability of the calcium hydroxide coatings 
in  31 percent potassium hydroxide was made on two electrodes. 
were submerged in the electrolyte in  a small  beaker which w a s  then sealed into 
a smal l  pressure bomb. 
hours. 
and no detectable change in thickness. 
flaking of the coating. Resistance measurement wi l l  be made and these elec- 
trodes willthenbe charged and discharged in single cells to note capacity and 
polar iz at ion characteristic s . 
The electrodes 
0 The samples were held at 145 C for  a period of 40 
Weight measurements showed a slight weight gain for  both electrodes 
Visual observation showed no signs of 
Preliminary check on the effect of the coatings on capacity and polarization 
was s tar ted using a single coated electrode against a cadmium counter electrode. 
The cel l  was charged at l00mafor  twelve hours to a voltage cutoff of 1. 55  volts, 
on discharge at 200 ma it yielded 500 ma-hrs.  
some dissolution of calcium hydroxide during the cycie. Further  tests w i l l  be 
conducted during the next quarter to determine changes in film properties with 
charge -discharge cycling. 
Visual observation showed 
1 2  
4 . 0  PROGRAM FOR NEXT QUARTER 
The parametric process studies wi l l  be continued with empha.sis on the 
effect of the amount of solid hydroxide used for buffering, lower current 
densities on film properties and improving reproducibility of the deposition 
process. 
before and after sterilization at 145 C. 
wi l l  be started on measuring the migration of s i lver  from coated electrodes. 
Additional tes t  cells  w i l l  be fabricated and evaluated for performance 
0 Towards the end of the quarter work 
13 
APPENDIX 
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Table 1 
Summary 
Magnesium Hydroxide Film Deposition Data 
Electrodes - Silver plates from Yardney YS5-(S)-4 Cells - 
Discharge State 
one half of original 
plate size Size - 13/16" x 24/16" 
Electrolyte - 70 g/1 Magnesium Acetate + excess solid Mg(0H)  
2 
W e i q l i t  rl'hicl;ness Res is t aric e 
Current 'I'irne Gain per side Gain - 1OOOcps 
ohms - Sample Number ma. min. grams mils 
1-1 240 60 0.127 2 . 5  0 .035  
2 -1 240 30  0.091 1 . 3  0.035 
3-1  240 90 0.169 4 . 3  0.015 
4-1 240 120 0.216 6. 3 0 .005  
1 - 2  488 30 0. 129 3. 6 0 .135  
2 -2 404 60 0.196 5. 7 0 .130 
3 -2 488 90 0 .412  12 .  8 0 .110 
4 -2 404 45  0 .168  5 .0  0 .125  
1-3  204 30 0.093 0. 50 0 .055  
3 -3 204 60 0. 139 1. 25 0.095 
4-3  408 60 0.174 1 . 7 5  0 .135  
1 -4  434 120 0 ,354  5 . 0  0 . 0 5 5  
2 -4 430 60 0. 176 3 . 5  0 .140  
3 -4 430 30 0 .079  2 . 5  0. 030 
. 
1 5  
. 
Table 2 
Summary 
Calcium Hydroxide Fi lm Deposition Data 
* Electrodes - Silver Plates from Yardney YS5-(S)-4 Cells - DischargA State 
Size - 13/16" x 24/16" (one half of original plate s ize)  
* Electrolyte - 70 g/l of Calcium Acetate + excess solid Ca(OHI2 
Weight Thickness Res is t ance 
Current Time Gain pe r  side Gain - lOOOcps 
Sample Number ma. min. grams mils ohms 
1-1 210 60 0 .021  
0. 06 plus 420 60 0 .400  - - -  
2 -1 420 120 0 .098  0 .045  
3 -1 750 165 0. 176 1 . 0  0. 89 
4-1 750 165 0 .175  0 .95  0 .55  
1 - 2  800 30 0. 166 1. 5 0 .19  
2 -2 800 60 1 . 5  0 . 3 1  
plus 500 135 - - -  2 . 0  0. 51 
- - -  
1 " 5 I' Electrodes - Size - 1 - x 1 - 2 8 
1-1 500 120 0.322 
plus 1000 60 0.350 
. 672 2 . 5  0.53 
2 -1 1000 60 0.404 2 . 5  0. 71 
45  0.473 2 . 5  3 -1 1000 plus 1000 45 0 .77  
1 - 2  1000 60 0.614 2 . 5  0 .60 
2 -2 1000 45 0.396 2 . 0  0. 50 
3 -2 1000 45 0.390 2 . 0  0. 42 
4 -2  1000 45 0 .341  1 . 0  0 . 5 3  
1-3  1000 45 0.540 2 . 5  0. 17 
2 - 3  Inno 45 0 .485  2 . 2  0 .29  
3 -3 1000 45 0.364 1.1 0. 17 
Electrode - charged @ 100 ma for  16 hrs .  prior to coating 
1 1000 60 0.303 3 . 5  0 . 2 1  
2 1000 60 0 .431 7 . 5  0 .36  
16 
